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INTRODUCTION
During the past few years there has been a great development of interest
in the neurology of the newborn and young infant, and many studies have
been organized related to the evaluation of causes and early recognition of
neurological defects leading to cerebral palsy, epilepsy, and mental retarda-
tion. This presentation will not be concerned with matters of incidence or
causation but with a consideration mainly of the normal neurological status
of the newborn. Suffice it to state that studies of incidence' indicate that at
least 6 births per thousand develop these neurological defects. The actual
incidence would be higher if mild disturbances could be determined, and the
statistics do not include the number of neurological abnormalities incom-
patible with life. Among the basic causes of these disorders are primary
developmental defects of the nervous system, natal trauma, and hypoxia.
The mechanisms of edema, encephalomalacia, and neuronal degeneration are
little understood. The significance of minor lesions such as fine degrees of
edema, cellular degeneration, petechial hemorrhage, and small infarcts is
not clear. A factor difficult to determine is that of the duration of intrau-
terine hypoxia prior to birth. Related to this problem of minimal lesion is
that of the detection of minimal neurological defect in the newborn and
young infant. This is important from the standpoint of diagnosis and prog-
nosis, as well as the understanding of the mechanisms of development of
epilepsy, the various disordered motor functions under the generic term of
spasticity and cerebral palsy, and the defects in higher mental functions
known as mental retardation. To this' end, the neuromuscular and electro-
encephalographic activity of the newborn has been studied.
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A NOTE ON FETAL REFLEX BEHAVIOR
Prior to considering the neurological status of the newborn, a brief
statement concerning the development of fetal behavior may be worthwhile.
Actually, there have been more detailed neurological studies of behavior of
the fetus than that of the newborn. The works of M. Minkowski,' Windle,w
and Hooker' have been most pertinent. Hooker found that the earliest
reflex movement of the fetus is in the eighth gestational week. At this point
in the development of the brain the beginning lamination of the cerebral
cortex has started, but the external granular layer is just detectable. This
reflex behavior is undoubtedly not related to any cerebral cortical func-
tioning. By 14 weeks practically all of the neonatal reflexes may be seen in
the fetus. Stimulation of the nose-mouth area (exteroceptive reflexes) acti-
vates specific responses around the area stimulated. Individual movements
of body parts occur spontaneously in contrast to the earlier total body
responses. The structural counterparts of the reflex behavior of the fetus are
probably in the mid-brain and lower segments. Pathways to the mid-brain,
but not significantly higher, are myelinating up to the time of birth.8"9 At
15 weeks there is some evidence of maintained finger closure or grasping,
and even the abdominal muscles may contract in a weak abdominal reflex.
At 25 weeks a fetus has been observed to have a Moro reflex. Most of the
responses are developed by 27 weeks.
THE NEUROLOGICAL STATUS OF THE NEWBORN
At birth the human infant has a well-developed brain up to at least the
mid-brain level but not the higher cortical regions. Conel8 has described
thoroughly the structure of the cerebral cortex of the newborn human. The
cytoarchitectural pattern is established but is not well developed. Of great
interest is the absence of formed Nissl bodies in the cortical neurons. These
are present in the neurons of the brain stem and the spinal cord of the
newborn. Similarly, there are no neurofibrils except in the large Betz cells.
The precentral area neurons have the most differentiated dendrites. There
appears to be body part localization early in the development of the motor
area and this relates very definitely to the neuromuscular activity of the
newborn child. The greatest maturity in this newborn cortex is in the region
related to movements of the upper extremities, trunk and shoulder girdle,
then the lower extremities, followed by the hand and head structures.
So-called synaptic structures are minimal. Conel8 saw "thorns" only on
dendrites and cell bodies. Myelin is minimal in the cerebral cortex and
insula, rhinencephalic and deep cerebellar nuclei. There are some vertical
and horizontal fibers in the occipital lobe.
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The most complete correlated studies of chemical, especially enzymatic,
and functional patterns in the developing brain have been those of the guinea
pig by Flexner and his group.9 Activity in the cerebral cortex, both spon-
taneous and evoked, makes its first appearance only after a certain critical
period of development has elapsed. This critical period in the guinea pig is
between 41 and 46 days of gestation. The total period of gestation is about
66 days in this animal. The critical period coincides with the development
of nerve cell processes especially in the cortex, the appearance of Nissl
bodies in the neurons and the termination or mature point of development
of the nucleus of the neuron. Biochemically,' this period also is at the time of
maximum increase in the activity of cytochrome oxidase, succinic dehydrog-
enase and apyrase, and the time at which nerve cells become permeable
to sodium. However, there are exceptions to this timing of enzymatic
changes. Cholinesterase rises progressively and not suddenly, particularly
after the 35th day. The acid phosphatase level remains constant in the fetal
guinea pig cortex and falls after birth.9
In guinea pigs there have been observations that reflex movements of the
foreleg and neck can be elicited by the 31st day, those of the fingers and
toes on the 35th day, of the jaw on the 38th day.9 This is of interest because
these reflexes appear before cortical stimulation is effective and before
electrical activity of the cortex is observed. This would mean that these
reflexes probably are mediated subcortically. However, by the 42nd and
45th days, movements of the extremities and head structures may be
obtained by cortical stimulation. Both Jasper'7 and Flexner' found that
rhythmical electrical potentials could be obtained from the cortex of the
fetal guinea pig at about the end of this critical period for cellular differentia-
tion and chemical changes. These potentials in part arise from the cortex
itself and not wholly from the underlying brain structures. The cortex also
became responsive to strychnine at this time. These electrical reactions
could be eliminated by anoxia produced by clamping of the umbilical cord.
At this time of appearance of cortical activity there is a diminished reflex
response to external stimulation in the animal. The neuromuscular activity
exhibited is greater in younger fetuses than in the older. Cortical inhibition,
then, is implied in the older animal.9 The critical development of perme-
ability to sodium9 correlates with the concept of Hodgkin and Katz that the
action potential of nerve may be dependent upon permeability to sodium.
Similar studies have been carried on in the developing kitten'0 and rat.'
Further considerations of the electroencephalogram of the newborn human
will be developed below.
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REFLEXES AND REACTIONS OF THE NEWBORN (ARBITRARILY, A 14-DAY PERIOD)
The newborn infant is regarded to be the product of a 40-week average
gestation and weighing an average of 3500 grams (varying between 2500
and 4500 grams. Arbitrarily, the newborn period to be considered is 14 days.
The newborn human is essentially dominated by subcortical brain struc-
tures and a detailed analysis of these is not possible utilizing the usual
neurological examination as carried on in the adult human. No complete
inventory of the total behavior of the newborn has been compiled as yet.
TABLE 1. REFLEXES AND REACTIONS OF THE NEWBORN
Head and face Upper extremity
Ciliary Moro ("crossed arms")
Photomotor Return into flexion
"Doll's Eye" Grasping
Light orientation, ocular pursuit Lower extremity
Cardinal Points of Mouth Crossed lengthening, adduction
(sucking, rooting) Grasping
Auriculocephalic Straightening
Neck Automatic walking
Tonic reflex (Magnus) Trunk
Head uplifting Incurvation
Straightening
Labyrinthine responses
Tonus of neck, trunk, and extremities
Deep reflexes
Superficial reflexes (abdominal, plantar)
However, there have been a number of analyses such as developed by Andre
Thomas and Ste. Anne Dargassies, McGraw,' and Pieper,' which are
being incorporated into our neurological evaluation of the newborn. We
have made an attempt to apply their methods and to validate the various
induced phenomena.
The normal newborn child has responses or reactions mediated by sub-
cortical structures and necessary for the sustaining of life: those concerned
with breathing, sucking, swallowing, intestinal peristalsis, micturition, defec-
tion and vomiting. In addition, the newborn can cry, sneeze, cough, hic-
cough, and yawn. Shivering, trembling, breath holding and even "smiling"
have been observed in the newborn. Moderate general tremulousness is
quite common. The so-called deep tendon reflexes may be elicited from all
areas, particularly the biceps and patellar reflexes. The Achilles reflex is
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often not present, possibly because of the relaxation of the gastrocnemius
muscle and relative hypertonia of the dorsal flexors of the foot. Many of the
superficial skin reflexes, such as the abdominal and cremasteric reflexes,
may be elicited in the newborn, although there is a very great reflexogenous
zone. The palmo-mental reflex is absent. The plantar responses are
extensor (Babinski). The superficial abdominal reflexes are very variable
but may be elicited in many newborn infants. They have been found in the
fetus.' The major reflexes and reactions are listed in Table 1. It has been
emphasized by Thomas and Ste. Anne Dargassies? that most of these
reflexes and reactions are automatic responses, and that apparently absent
reactions must be searched for several times before absolute absence can be
concluded. These responses are characteristic of subcortical functioning and
disappear almost entirely after two to four months of life in a normal infant
born at term. The visual reactions and the deep and superficial reflexes
persist, however.
When the newborn child is placed on his back, the head lies indifferently,
being incapable of becoming involved in active spontaneous movements
before the 10th day. It should not be permanently inclined to one side. The
body has little activity, whereas the extremities are animated with mostly
asymmetrical nonadaptive movements, such as elevation of the upper
extremities and hand to face contact, especially to the mouth. The lower
extremities make alternative movements of extension and flexion. The gen-
eral attitude of the child is always in flexion, similar to fetal posturing.
The newborn shows many eye reflexes. Lightly stroking the eyelashes
causes ipsilateral or bilateral eye closure (the ciliary reflex). A strong light
causes blinking (photomotor response), while a mild light produces the
pupillary reflex. In the doll's eye phenomenon, elicited in the first 10 days of
life, the ocular globes stay fixed and do not follow the head when it is
rotated or tilted, or they move in the opposite direction.
By the 10th day postnatally certain infants demonstrate beginning ocular
pursuit of moving objects and this is occasionally seen earlier (even in the
first day) if bright colored objects are used, such as a ball of bright red
wool. There is some difference of opinion concerning the visual function of
the newborn.8 Myelinization is minimal in optic pathways. Certainly the
pupils react to light but the amount of visual acuity present is not apparent.
Within the first few days of life many infants are able to fixate gaze upon a
field of vision or follow a bright object moving across it. Distance accommo-
dation and convergence do not occur until later, and probably definite object
vision coincides with these developments. Coordinated eye movements,
especially laterally, are mediated by brain stem nuclei, and it should be
noted that certain incoordinations may appear transiently later when there is
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a transition to cortical controls of conjugate eye movements. The corneal
reflex is present. There is a great deal of variation in response to an attempt
to make the child blink his eyes by a quick hand movement (threat). This
usually appears consistently at the age of several weeks along with accommo-
FIG. 1. Diagram of the probable reflex pathway for contralateral neck and upper
trunk reflexes associated with facial stimuli, especially in the maxillomandibular
trigeminal area, in the early human fetus. (From Fig. 4, T. Humphrey, J. comp.
Neurol., 1952, 97, 180.)
dation responses. The function of the auditory system is also difficult to
evaluate. There is little or no significant myelinization in the connections of
the acoustic nerve to the cereral cortex or even the thalamus.' However, as
seen in electroencephalographic studies, evoked responses to both sound and
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light stimuli may be elicited in the newborn. The response to sound is
generalized and diffuse. One has to separate the effect of vibrations per se
from the auditory stimulus.
In the region of the mouth the cardinal points reflexes' may be elicited
along with sucking and rooting responses. Repeated stimulation of the angles
of the mouth, the center of the upper lip and that of the lower lip (cardinal
points) causes lip movements towards the stimulating finger, tongue move-
ments in the same direction, followedby head rotation.' The neural pathways
for these important basic reflexes, concerned with feeding, are already laid
down inthe early human embryo, even ateight weeks or 22 mm. crown-rump
length (Fig. 1) . Gustatory responses also may be obtained. These reactions
are stronger when the child is hungry. Another cranial sensory response is
the auriculocephalic: stimulation of the skin in the region of the ear results
in rotation of the head to the opposite side.
Examination of the neck shows that extensor tonus is predominant. A
head-uplifting reflex may be elicited by pulling a supine infant upwards into
a sitting position.' The tonic neck reflexes of Magnus and de Kleijn' are
inconsistent in almost all examinations of normal newborns in our experi-
ence. Classically, with the infant supine, rotation of the head should produce
extension or increased extensor tone of the limbs on the side to which the
jaw is turned, and flexion of the contralateral (or occiput) limbs. The
position of the upper limbs is not consistently maintained in relation to
spontaneous or passive movement of the head.
The Moro reflex is a true reflex and one of the best indices of the neuro-
logical status of the infant. There are many ways of eliciting this reflex (each
producing extension of the head). A simple, effective method is described by
Thomas and Ste. Anne Dargassies.' The infant is lifted by the arms, with-
out necessarily lifting the head from the supporting surface. and the limbs
suddenly released. The phases of the reflex include first, extension and
abduction of the arms with wide-open hands and fingers. This is followed
by acrossed-arms or embracing appearance. Occasionally the reflex is incom-
plete, and the second part is produced so that the fingers remain flexed. Also,
the thumbs or index fingers may retain the form of a hook. In addition there
is extension of the spine and legs. During the first few weeks of life this
reaction becomes more pronounced and decreases until finally a simple
"body jerk" is seen. It appears to be due to an activation of all motor groups
caudal to mid-brain. Asymmetries are often indicative of neurological
abnormality.
The reactions of the upper extremity also include a tonus with flexor
predominance, and a reflex of return to flexion when the arms are extended
passively. The grasp response of the fingers is a tonic reflex of flexors (not
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physiologically similar to abnormal grasp in adults) which often may be
strong enough to allow a total lifting of the entire infant. Occasionally the
triceps reflex is not present since there is often a restrictive hypertonicity
of the flexors.
The lower extremities may be tested for tonus by maneuvering the foot
towards the corresponding ear. Crossed lengthening and adduction may
occur. There may be grasp responses of the toes (plantar grasp) on stimu-
lation of the sole of the foot. The Babinski reflex is often variable in the
newborn in the first few days and has a large reflexogenous zone.
With the infant in the vertical position walking movements may be induced
automatically, as well as straightening activities of the legs, particularly
when the feet are placed flat and the trunk is inclined forwards.' A stepping-
up response may appear before the 10th day of life but is occasionally not
elicited in the newborn. These are essentially tactile placing reactions.
Incurvation reflexes of the trunk' are quite constant. These are elicited
with the infant in a suspended prone position. The skin is stimulated between
the twelfth rib and the iliac crest and the trunk develops a lateral flexion
towards the stimulated side. Further postural adjustments may be evalu-
ated by holding the infant in an upright position and rotating, or in an
inverted position. Head and eye deviation response may indicate the
integrity of the labyrinthine system.'
The newborn shows a predominance of flexor muscles at the thigh and
knee. The upper extremities become flexed and abducted on the chest. The
child then has an active upward and downward movement of the body with
some torsion of the trunk muscles. This type of flexor dominance lasts for
4 to 6 weeks when an extensor development takes over control.
When the infant is placed in a ventral or prone position, the lower
extremities may be very active and show alternating movements of flexion
and contraction producing an almost creeping activity. McGraw' showed
that when a newborn infant is submerged in water in a prone position,
rhythmic associated flexor-extensor movements develop in the upper and
lower extremities with trunk flexion similar to swimming motions. In the
prone position there is less spontaneous movement in the upper extremities
probably related to the development of a degree of cortical inhibitory control
over the subcortically mediated activities of these extremities. Also, in the
ventral position, a synergistic movement between head turning and arm
movements may occur. These reactions can be brought out more clearly if
some pressure is produced on the buttocks of the corresponding side. Many
of these reflexes and reactions of the newborn may be interpreted in terms
of basic labyrinthine righting responses," such as body acting on head and
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body acting on body. They probably represent primitive contactual responses
with the physical environment.
NEUROLOGICAL SIGNS TO BE CORRELATED WITH A PATHOLOGICAL STATE
The significance of normal variations is still to be determined. However,
signs of frank or definite central nervous system disturbance are: Moro
reflex absent or incomplete; ocular signs, such as a fixed, staring gaze and
nystagmus; a generalized motility disorder, either spontaneous or provoked,
such as immobility or exaggerated agitation; abnormal movements such as
convulsions or excessive tremors; marked alterations of tonus such as
hypertonia or flaccidity, generalized or localized to an extremity or region
(asymmetry); phenomena such as persistent hanging of the neck, rigidity
of the trunk, or opisthotonus. Sometimes myoclonic-like seizures may be
precipitated by tapping the thorax. These signs have been found in 30 per
cent of newborns with an oxygen arterial saturation (umbilical vein) below
50 per cent.' The pathological signs have been coincident with severe
respiratory distress at birth along with cyanosis, gasping, funneling of the
chest and respiratory pauses longer than two minutes, severe bradycardia,
and definite meconial staining of the amniotic fluid. Persistent asymmetrical
and multiple deviant findings are of greatest significance. About 30 per cent
of infants with slightly low oxygen saturation at birth (between 50 and 60
per cent) have shown mild abnormalities similar to the above, but less
intense. It should be noted that about 10 per cent of children with normal
oxygen arterial saturation at birth showed questionable neurological signs
indicating involvement of other etiological factors.' In a number of instances,
mild deviant reactions and reflexes, especially isolated ones, may clear
completely and thereafter the infant may develop normally. These require
further analysis and follow-up study, however.
THE ELECTROENCEPHALOGRAM OF THE NEWBORN
There have been only a few studies of the electroencephalogram derived
directly from the brain of the human fetus.2' Low voltage fast waves
ranging from 10 to 30 cycles per second were found superimposed on irregu-
lar low to medium voltage slow rhythm ranging from 1 to 3 cycles per
second. In certain prematures at 5X2 to 6 months, 4 to 5 cycles per second
and 9 to 12 cycles per second low voltage rhythms appear on oscillations of
about ½2 cycle per second.' '" At 6 months, interhemispheric derivations
show intermittent 5 cycles per second waves especially from the frontal
region and at 7 to 8 months there are irregular variations, with none of
the significant faster waves seen in the younger prematures.
182
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Previous electroencephalographic studies of the newborn have been
reviewed in comparison with our own developing experiences. The electro-
encephalogram of the newborn human is characterized by continuous,
irregular, asymmetric slow waves from all areas"7 l 8, W (Fig. 2).
There is no evidence of steady, organized rhythms although brief rhythmic
periods may occur lasting Y2 to 4 seconds. The amplitudes range from 5 to
150 microvolts and the frequencies between Y2 and 2 cycles per second.
Occasionally, medium voltage 3 to 4 cycles per second and low voltage 7 to
9 cycles per second ranges are present. Fast, 20 to 25 cycles per second,
activity from the parietal-occipital region of the newborn appears usually
for a few days and then disappears only to return later during the first year.
The records of newborn infants during the waking and sleeping states are
often indistinguishable, but occasionally differentiating rhythms appear
depending on the depth of sleep (Fig. 3).6, 18 Some infants show low
voltage 12 to 14 cycles per second spindles from the central region during
sleep within a few days after birth. These spindles are poorly defined and of
low amplitude but gradually become more characteristic. During drowsiness,
irregular 2 to 5 cycles per second slow waves may appear, becoming better
modulated with regard to frequency and amplitude as the child becomes
older. Occasionally, the waves in this frequency range assume spindle form
during sleep, often alternating with intermittent flattening (Fig. 3).
Some investigators have indicated that arousal patterns are not well
defined and do not generally appear in the newborn.' Yet, they clearly may
be elicited."8 Reactive arousal consists mainly of diphasic slow waves fol-
lowed by rapid oscillations of about 8 to 14 cycles per second appearing
mainly from vertex electrodes but also from other areas in lower amplitudes.
These transient responses to sensory stimulation have been called K com-
plexes. They should be differentiated from central sharp wave transients
appearing usually by the age of 5 or 6 months. The Moro reflex tends to
disappear at about the time the cerebral cortex responds consistently to
these reactions. A more common arousal response in the newborn electro-
encephalogram is a flattening, especially during sleep.6'8 During the waking
state or sleep, a loud sound may produce, 2 or 3 seconds later, a flattening of
the electroencephalogram which may last for 7 to 8 seconds. Flattening
responses may be preceded by a burst resembling a K complex or a single
sharp theta wave. Less commonly they occur to visual stimulation. Definite
sharp wave responses, of 0.1 to 0.3 second duration, to visual stimulation
have been obtained both with ON and OFF reactions, as in the work of
Ellingson8 (Fig. 4A). There is a longer latency than in adults, between 150
and 220 milliseconds (adults average 50 to 60 milliseconds). Photic driving
has been a rare and striking response (Fig. 4B), once thought to be un-
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obtainable. Much work has to be done with reactions during the waking and
sleeping states, especially with autonomic correlates, such as respiration and
heart rate, in order to clarify the normal variations.
Correlations between the electroencephalogram and clinical status in
the stressed newborn are illustrated by two brief case presentations. The
first case is that of a child developing respiratory difficulty after birth along
*A 53 S.E.ASLEEP -
LT-LF
LF-M
M -RF .
RFPRT
LT-LC
LC-M
M_RC i _
LF-LC ~~~~~&E. AWAK kg;94 LF-LC_
LC-LO
LF-LY
LT-LO
RF-C
K-RO Om C s 6v
RF-RT
RT-f
FIG. 5. Abnormal electroencephalogram of a three-day-old stressed infant who
developed a seizure. The recording shows bursts of sharp waves and isolated spiking
of up to 100 ,uv amplitude from the left occipital region during the waking state.
186
Voluyne 32, December 1959Neurological status of the newborn GLASER
with an absent Moro response and weak grasping and sucking reflexes. The
electroencephalogram in the third day (Fig. 5) showed bursts of sharp
waves from the left occipital region along with spike activity from that same
area. The day following the electroencephalogram, the child had a general-
ized convulsion. The second case is of an infant who was born with the
umbilical cord around his neck. The child did well for 4 days but then
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FIG. 6. Abnormal electroencephalogram of a four-day-old stressed infant with a
seizure disorder. The electroencephalogram shows a left temporal sharp wave or slow
spike focus during sleep. The recording during sleep is with monopolar technique
utilizing ipsilateral ear electrodes as reference.
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began to have generalized seizures. The neurological examination showed
generally decreased muscle tone, lack of light following, inequality of the
pupils without light reaction, and no attempt at maintaining flexor tonus.
The Moro reflex was absent. The sucking response was slight on the right
and not present on the left. The electroencephalogram (Fig. 6) showed a
left temporal spike focus during sleep. In both these instances, therefore, the
development of a seizure state was associated with spike discharges
indicating an epileptogenic focus in the electroencephalogram.
COMMENTARY AND CONCLUSIONS
A comparison summary of the early maturation of the electroencephalo-
gram and cerebral reactivity along with early neurological and psychomotor
maturation is shown in Table 2. The electroencephalogram of the newborn
is undifferentiated, irregular and variable. Reactivity to stimuli (awake or
asleep) is that of general flattening, diffuse irregular discharge, and occa-
sionally sharp primary responses with increased amplitude, often followed
by flattening. The newborn shows archaic reflexes dominated by subcortical
mechanisms also producing the Moro, automatic walking, creeping, static
straightening and grasping responses. Labyrinthine phenomena are promi-
nent. The tonus of the head is little controlled. There is some light perception
but no definite control of ocular movements. Responses to auditory stimuli
are generalized and usually result in a Moro reflex. These phenomena
persist for 2 to 3 months after which time the electroencephalogram becomes
better organized, particularly with the primary responses to photic stimula-
tion, along with more frequent diffuse sharp waves during sleep. The child
has better control of tonus of his head and ocular motor coordination. He
responds to auditory stimuli by an arrest of movements.
A lack of or slow cortical development might result in the persistence of
archaic subcortical reflexes and reactions. This persistence would be due
to the lack of development of so-called cortical dominance over, or "inhibi-
tion" of, subcortical reflexes or reactions. Lesions of the subcortex, particu-
larly the upper and middle brain stems, diencephalon and mesencephalon
might produce abnormalities in the subcortical reflexes themselves, and in
tonus of the neck, trunk and extremities. Unilateral disturbances would be
manifest by distinct asymmetries. It will be important to attempt to correlate
a later development of motor disturbances such as paralysis, spasticity,
hypertonus or rigidity, and the various dyskinetic states (athetosis and
dystonia) with neuromuscular phenomena observed in the neonatal period.
Abnormalities in the infant's electroencephalogram are seen mainly as
seizure discharges, in particular, spikes and sharp waves, especially per-
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sistent focally, and as lack of reactivity previously present. Gross asym-
metry of flattening, and delta (y2-3 cycles per second) activity (particularly
with phase reversals) would be suggestive of focal structural lesions. The
appearance of definite spike discharges may indicate the development of a
clinical seizure state, but not always, since these discharges may only
represent a potentiality. The persistence of newborn or other early patterns
as the child develops may be correlated with other slowly developing cerebral
functions, perhaps with psychomotor retardation in a general sense.
REFERENCES
1. Anderson, G. W.: Current trends in the pathology of human reproductive failure.
Amer. J. publ. Hlth, 1955, 45, 1259-1266.
2. Borkowski, W. J. and Berstine, R. L.: Electroencephalography of the fetus.
Neurology (Minneap.), 1955, 5, 362-365.
3. Conel, J. L.: The postnatal development of the human cerebral cortex. Vol. 1.
The cortex of the newborn. Cambridge, Harvard University Press, 1939,
pp. 102-106.
4. Crain, S. M.: Development of electrical activity in the cerebral cortex of the
albino rat. Proc. Soc. exp. Biol. (N. Y.), 1952, 81, 49-51.
5. Dreyfus-Brisac, C. and Blanc, C.: ]lectroencephalogramme et maturation cere-
brale. Encephale, 1956, 45, 205-241.
6. Dreyfus-Brisac, C., Fischgold, H., Samson, D., Ste. Anne Dargassies, S.,
Ziegler, T., Monod, N., and Blanc, C.: Veille, sommeil et reactivite sensorielle
chez le premature, le nouveau-ne et le nourisson. In: Conditionnement et
reactivite en electroencephalographie, EEG clin. Neurophysiol., 1956, Suppl. 6,
418-440.
7. Dreyfus-Brisac, C., Samson, D., Blanc, C., and Monod, N.: L'electroencephalo-
gramme de l'enfant normal de moins de 3 ans. Et. ne'o-natal., 1958, 7, 143-175.
8. Ellingson, R. J.: Electroencephalograms of normal, full-term newborns immedi-
ately after birth with observations on arousal and visual evoked responses.
EEG clin. Neurophysiol., 1958, 10, 31-50.
9. Flexner, L. B.: Enzymatic and functional patterns of the developing mammalian
brain. In Waelsch, H., Biochemistry of the developing nervous system. New
York, Academic Press, 1955, pp. 281-295.
10. Grossman, C.: Electro-ontogenesis of cerebral activity. Arch. Neurol. Psychiat.
(Chicago), 1955, 74, 186-202.
11. Hooker, D.: The prenatal origin of behavior. Lawrence, University of Kansas
Press, 1952, pp. 143.
12. Hughes, J. G., Davis, B. C., and Brennan, M. L.: Electroencephalography of the
newborn infant. VI. Studies on premature infants. Pediatrics, 1951, 7, 707-712.
13. Hughes, J. G., Ehemann, B., and Brown, U. A.: Electroencephalography of the
newborn. I. Studies on normal, full-term sleeping infants. Amer. J. Dis.
Child., 1948, 76, 503-512.
14. Hughes, J. G., Ehemann, B., and Brown, U. A.: Electroencephalography of the
newborn. IV. Abnormal electroencephalograms of the neonate. Amer. J. Dis.
Child., 1948, 76, 634-647.
15. Hughes, J. G., Ehemann, B., and Hill, F. S.: Electroencephalography of the
newborn. II. Studies on normal, full-term infants while awake and while
drowsy. Amer. J. Dis. Child., 1949, 77, 310-314.
16. Humphrey, T.: The spinal tract of the trigeminal nerve in human embryos
between 7¼2 and 8X2 weeks of menstrual age and in relation to fetal behavior.
J. comp. Neurol., 1952, 97, 143-209.
190Neurological status of the newborn GLASER
17. Jasper, H. H., Bridgeman, C. S., and Carmichael, L.: An ontogenetic study of
cerebral electrical potentials in the guinea pig. J. exp. Psychol., 1937, 21, 63-71.
18. Kellaway, P.: Ontogenic evolution of the electrical activity of the brain in man
and in animals. Proc. IV. International Congress of Electroencephalography
& Clinical Neurophysiology. Acta med. belgica., 1957, pp. 141-154.
19. Langworthy, O.: Development of behavior patterns and myelination of the nervous
system in the human fetus and infant. Carnegie Inst. Wash. Pub. No. 443,
Contr. Embryol. Carneg. Instn, 1933, 24, No. 139, 1-58.
20. Lindsley, D. B.: Heart and brain potentials of human fetuses in utero. Amer. J.
Psychol., 1942, 55, 412-416.
21. McGraw, M. D.: The neuromuscular maturation of the human infant. New York,
Columbia University Press, 1943, pp. 140.
22. Magnus, R.: Some results of studies in the physiology of posture. Lancet, 1926, 2,
531-536, 585-588.
23. Minkowski, A.: Oxygen saturation in the foetal arterial blood at birth. Irish J.
med. Sci., 1955, 390-405 (Sept).
24. Minkowski, A. and Ste. Anne Dargassies, S.: Le retentissement de l'anoxie foetale
sur le systeme nerveux. Rev. frang. At. clin. biol., 1956, 1, 531-563.
25. Minkowski, M.: Neurobiologische studien am menschlichen foetus. Handb. biol.
Arbeitsmethoden. E. Abderhalden, Abt. V, Teil 5B, Heft 5, Ser. Nr., 1928,
253, 511-618.
26. Okamoto, Y. and Kirikae, T.: Electroencephalographic studies of brains of fetuses
and premature children. J. Jap. obstet. gynaec. Soc., 1951, 3, 461-466.
27. Pieper, A.: Die Eigenart der Kindlichen Hirntatigkeit. 2d ed. Leipzig, Georg
Thieme, 1956, pp. 588.
28. Smith, J. R.: The electroencephalogram during normal infancy and childhood.
I. Rhythmic activities present in the neonate and their subsequent develop-
ment. J. genet. Psychol., 1938, 53, 431-453.
29. Thomas, A. and Ste. Anne Dargassies, S.: etudes neurologiques sur le nouveau-ne'
et le jeune nourisson. Paris, Masson, 1952, pp. 434.
30. Windle, W.: Genesis of somatic function in mammalian embryos: a synthesizing
article. Physiol. Zool., 1944, 17, 247-260.
191